The short-and long-term effects of surgery of the basal ganglia on behaviour have received relatively little attention. In previous studies emphasis has been on the more immediate post-operative changes for evaluating the effects of surgical lesions on intellectual and perceptual functions. With respect to intelligence only one aspect, intelligence quotient (I.Q.), was emphasized. The objectives in this study were to evaluate several aspects of intelligence and simple perception for relatively longer post-operative periods.
The short-and long-term effects of surgery of the basal ganglia on behaviour have received relatively little attention. In previous studies emphasis has been on the more immediate post-operative changes for evaluating the effects of surgical lesions on intellectual and perceptual functions. With respect to intelligence only one aspect, intelligence quotient (I.Q.), was emphasized. The objectives in this study were to evaluate several aspects of intelligence and simple perception for relatively longer post-operative periods.
METHOD PATIENTS This study was done on 25 patients (10 men and 15 women). Mean age was 54-2 years (range 40-70 years); mean educational level 13-8 years; mean duration of illness 5 4 years (range 1-10 years). The patients all showed some degree of generalized Parkinson involvement. The chief complaints ranged from moderate and unilateral to quite severe and bilateral tremor and rigidity. All patients were right-handed, i.e., left brain dominant.
SURGERY Unilateral brain lesions were made under local anaesthesia. A 20-gauge barrel electrode with a 4 to 10 mm. non-insulated tip was inserted into the diencephalon through a frontal burr hole (Andy, 1959) . The sites of coagulation were primarily in the posterior ventral thalamus-subthalamic region (Andy, Jurko, and Sias, 1963) . The stereotactic atlas of Schaltenbrand and Bailey (1959) was used to determine placing of the electrodes.
PSYCHOLOGICAL TEST SCHEDULE The test used to evaluate intellectual functioning were the verbal portion of the Wechsler adult intelligence scale (Wechsler, 1955) and a visual-motor performance group consisting of the Bender-Gestalt (Bender, 1946) ; memory-for-designs (Graham and Kendall, 1960) ; and trail-making (Reitan, 1956) tests. Simple perception was followed with a group consisting of the spiral aftereffect' (Freeman and Josey, 1949 SPIRAL AFTEREFFECT This is a test of apparent (illusory) motion. When rotation of the spiral ceases the normal response is one of apparent movement of the spiral in the opposite direction. The maximum score in our use of the test, after Blau and Schaffer (1960) , was 8 points representing four clock-wise and four counterclockwise trials. All patients pre-operatively had a score of 6 or better. Because of the stability of the illusion in most subjects over time, a score of 5 or less was treated as impairment in performance (failure of the test). This cutoff score is also in accord with the findings of Blau and Schaffer (1960) in which a score of zero through 5 was shown to be a highly predictive abnormal.
MEMORY-FOR-DESIGNS This test was used in our test
battery to evaluate intellectual function after diencephalotomy with a minor alteration in instructions to indicate changes in perception. The subject was required to draw each figure from memory after a five-second exposure. He was asked to place the figures in columns down the page rather than across the sheet as is usually done. The test was scored for the presence of obvious linear deviation of the columns to the left or right. Note the marked deviation to the left five days post-operatively ( Fig. 2 ).
DEPTH PERCEPTION In the performance of the test the subject aligned two rods suspended in an illuminated box devoid of cues. Twenty randomized trials were given, 10 trials with a 3 cm. misalignment and 10 trials with a 7 cm. misalignment. Impaired depth perception was scored when there was a decrease of one-third or more in both of the distances compared with pre-operative skill.
TWO-POINT DISCRIMINATION The threshold was tested for two areas of both hands, the thenar and hypothenar eminences. Four descending trials (starting with a separation that was easily discriminated and gradually reduced) and four ascending trials (starting with a separation that was not discriminated and gradually increased) were randomly given and averaged. Table I . It is to be noted that the decrease in (Table IV) . The greatest declines were in depth perception and two-point discrimination tests, with decrement present in over 50% of the patients. Two-point discrimination remained impaired in a significant number of subjects two months postoperatively, and there was continuing deficit in one patient two years after surgery. Among the 12 patients with decrement in two-point discrimination, six had contralateral decrement, three had ipsilateral, and three had bilateral. Two of the three patients with ipsilateral deficits were operated on the left brain. Linear deviation also gave evidence of long-range impairment. Figure 2 illustrates extreme deviation to the left five days post-operatively and deviation still apparent two years later. There was a trend for a greater number of subjects oper- In the 'long-range' period (4 to 13 months) there was no significant difference compared with postoperative performance. Our patients, in contrast, showed no impairment in the Wechsler verbal I.Q. immediately post-operatively. Deficit was only found one and a half to two years after operation. Furthermore, the decrement was due to a decline in one specific subtest, similarities. It should be noted that in the series of Riklan et al. (1960) patients represent a mixture of chemothalamotomy and chemopallidotomy testable 'usually between two and four weeks subsequent to surgery depending upon the clinical condition of the patient.' This implies that the post-operative morbidity was pronounced in some patients which may account for the early impairment, especially in those who could not be tested within five days after surgery. The technique utilized in our study consisted of electrolysis of diencephalic structures and 21 out of 25 patients could be so tested within five days after surgery. In addition, our long-range testing period was 18 to24 months in contrast to theirs which was four to 13 months.
Our observations of delayed impairment in verbal I.Q. are in accord with a recent case report by Watkins and Oppenheimer (1962) . They described late decline in the Wechsler-Bellevue intelligence scale after an apparently good recovery from unilateral chemothalamotomy. The Wechsler verbal I.Q. was 114 pre-operatively, 100 at one month post-operatively, 109 at five months, and 98 at 18 months. No information was given on their subtest scores. It is of interest to note that studies in lobotomy patients also revealed decrements which were specific for only some Wechsler subtests (de Mille, 1962; Smith and Kinder, 1959) . In addition, the changes were not present immediately after surgery, but became evident eight years later (Smith and Kinder, 1959) .
The question arises as to whether the delayed postoperative decrement in the (Wechsler) (mean, 19-6 years) showed 'no really significant difference in degree or kind of impairment in cognitive integrity or efficiency'. In view of these observations, it would appear unlikely that the long-term impairment found in our study is due to the natural course of Parkinson's disease. In contrast to the lack of impairment in verbal I.Q. immediately after surgery, maximal decrement in the visual-motor performance tests occurred in the acute period after operation. These skills obviously implicate a different aspect of intellectual function than the Wechsler I.Q.
There are many reports of impairment in perception following cortical lesions but only a few following subcortical lesions. In a recent study Proctor, Riklan, Cooper, and Teuber (1963) reported decrement in two-point discrimination and punctuate pressure thresholds immediately after chemothalamotomy. Significantly higher thresholds for punctuate pressure were still evident five months postoperatively. These findings parallel our observations of maximal number of patients showing decrement in somesthesis in the acute (five days) period following diencephalotomy. There was little long-range deficit; only one patient still had impairment one and a half years post-operatively. It should be noted that Teuber (1962) found decrement in two-point discrimination 10 years after penetrating missile wounds of the cortex. The above investigators also found that impairment was greatest contralateral to the lesion and ipsilateral impairment was more frequent in the group with lesions of the left brain. Our observations on diencephalic lesions are in accord with those findings.
Two-point discrimination and depth perception tests showed impairment in more patients after diencephalic lesions than did spiral aftereffect and linear deviation tests. It is of interest that the former tests are to a large degree tactile-spatial in contrast to the latter which are visual-spatial. This difference may be due to the greater involvement of the primary sensory relay nuclei of the thalamus consequent to the diencephalic lesions. It must also be noted that the impaired perception was not accompanied by general intellectual deficit. Disturbed perception without involvement of general intellect has also been reported by Denny-Brown, Meyer, and Horenstein (1952) , Gerstmann (1958) , and others.
The laterality of the lesion appears to affect intelligence and simple perception differentially. This is now quite well documented for cortical representation but has received little attention in relation to diencephalic function. Greater impairment of simple perception appeared among our patients with right subcortical operations. Recently Piercy, Hecaen, and Ajuriaguerra (1960) reported on 67 patients who had constructional apraxia associated with unilateral cerebral lesions. The deficit was measured by having the patients draw a house and a cube. They concluded 'that, in general, constructional apraxia associated with right hemisphere lesions involves greater impairment of perceptual functions than is the case in the left hemisphere syndrome'. In contrast to simple perception, impairment of intelligence was more frequent among our patients with left diencephalic lesions. This is in accord with laterality effects noted on patients with cortical lesions. Reitan (1955) , in a carefully controlled study of 14 patients with surgical verification of pathology, found impaired verbal intelligence (Wechsler-Bellevue) more frequently in patients with left-side cortical lesions.
SUMMARY
Intellectual function and simple perception were evaluated before and during a two-year period after placement of lesions in the diencephalon of 25 Parkinson patients.
Psychological tests employed were verbal I.Q.
(Wechsler) and visual-motor tests: Bender-Gestalt, memory-for-designs, and trail-making tests. Tests of perception consisted of spiral aftereffect, memoryfor-designs, depth perception, and two-point discrimination threshold. Immediate impairment was verified in all the tests comprising the motor performance battery, and recovery was present within six months. However, the verbal I.Q. was not immediately impaired.
Delayed impairment of verbal I.Q. appeared one and a half to two years post-operatively. It should be noted that the decrement was confined to one subtest only, similarities (a test of abstract thinking).
All perception tests revealed immediate postoperative impairment. Only one (linear deviation) showed decrement at two years.
